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METHOD AND DEVICE FOR WARNING THE DRIVER OF A MOTOR VEHICLE 

The present invention relates to a method and a device for 
warning the driver of a motor vehicle of a traffic situation 
involving an increased collision risk. For this purpose, 
signals of at least one object detector representing motion 
5 quantities of detected objects and signals of at least one 

motion sensor system of the host vehicle are suppliable to an 
analyzer device. The computing device precalculates all 
possible motion trajectories for all detected objects and for 
the host vehicle, taking into account maximum acceleration or 

10 deceleration values and maximum change in acceleration or 

deceleration values over time and, when an imminent collision 
is recognized, issues a warning to the driver that higher 
acceleration or deceleration values and/or change in 
acceleration or deceleration values are needed to avoid a 

15 collision. This may be precalculated for a predefined period 
of time; however, a fixed time frame is not absolutely 
necessary for the precalculation. 

Background Information 

WO 03/006291 describes a method and a device for triggering 
20 and executing vehicle deceleration to avoid a collision, in 

which objects in the sensor detection range are recognized by 
a distance and speed regulating device of the vehicle, and 
measured quantities are determined for each recognized object, 
the recognized objects are assigned to different object 
2 5 classes on the basis of the corresponding measured quantities 
determined, and the motion trajectories of the objects are 
predicted on the basis of the assignment of the recognized 
objects to a particular class. 

WO 03/006290 describes a method and a device for controlling 
30 deceleration systems in a vehicle during a braking operation, 
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in particular in a vehicle equipped with a sensor for adaptive 
cruise control. During the braking operation, measures of 
danger are determined on the basis of dynamic driving models, 
which are individualized by signals of the environment sensor 
5 system. 

Essence and Advantages of the Invention 

The essence of the present invention is to warn the driver of 
a motor vehicle equipped with an object detection device of 
driving situations involving an increased collision risk by 

10 advising the driver, in a timely manner, that acceleration or 
deceleration values and/or change in acceleration or 
deceleration values representing a motion dynamics of the 
vehicle which are higher than the vehicle driving dynamics 
perceived as comfortable are necessary to avoid a collision. 

15 The driver is thereby advised that the he/she must implement 
highly dynamic vehicle accelerations or vehicle decelerations 
in the longitudinal and/or transverse direction to mitigate 
the effect of an imminent collision with another vehicle. 
According to the present invention, this is achieved by the 

20 features of the independent claims. Advantageous refinements 
and embodiments of the present invention are derived from the 
subclaims . 

The maximum acceleration or deceleration values and the 
maximum change in acceleration or deceleration values over 
2 5 time are advantageously of such magnitudes that the driver 
perceives them as just still comfortable. 

It is furthermore advantageous that different maximum values 
and maximum change values over time are provided for the 
longitudinal vehicle acceleration, the longitudinal vehicle 
30 deceleration, and the transverse vehicle acceleration. 

The maximum acceleration or deceleration values and the 
maximum change in acceleration or deceleration values over 
time are advantageously variable as a function of the 
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instantaneous vehicle velocity. For example, at higher vehicle 
velocities higher acceleration or deceleration values and/or 
higher change in acceleration or deceleration values over time 
may also be provided. 

5 It is furthermore advantageous that the maximum acceleration 
or deceleration values and the maximum change in acceleration 
or deceleration values over time are variable as a function of 
the driving situation recognized by the object detector. 

It is furthermore advantageous that, in addition to the 
10 warning to the driver, an automatic intervention in the 
vehicle drive systems, the vehicle deceleration systems, 
and/or the vehicle steering systems may be output. 

The at least one object detector is advantageously a radar 
sensor, a laser sensor, an ultrasound sensor, or a video 
15 sensor, or a combination thereof. 

It is furthermore advantageous that the motion sensor system 
is at least a velocity sensor, an acceleration sensor, and/or 
a yaw rate sensor. 

Of particular importance is the implementation of the method 
2 0 according to the present invention in the form of a control 
element which is provided for a control unit . A program is 
stored on the control unit, the program being executable on a 
computing device, in particular on a microprocessor or signal 
processor and suitable for performing the method according to 
25 the present invention. In this case, the present invention is 
therefore implemented by a program stored on the control 
element, so that this control element provided with the 
program represents the present invention in the same way as 
the method which the program is suitable for executing. An 
30 electric memory medium in particular, such as a read-only 
memory, may be used as the control element. 
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Further features, possibilities of application, and advantages 
of the present invention are derived from the description of 
exemplary embodiments of the present invention that follow and 
are illustrated in the figures of the drawing. All features 
5 described or illustrated by themselves or in any desired 
combination represent the object of the present invention, 
regardless of their combination in the patent claims or their 
back-references, and regardless of their wording in the 
description or illustration in the drawing. 

10 Drawing 

Exemplary embodiments of the present invention are elucidated 
in greater detail below on the basis of the drawing. 

Figure 1 shows an exemplary traffic situation where the 

device according to the present invention and 
15 the method according to the present invention 

are applicable ; 

Figure 2 shows a model of the situation illustrated in 

Figure 1 and the location areas derived from 
the possible motion trajectories; 

20 Figure 3 shows a schematic block diagram of an 

embodiment of the device according to the 
present invention, and 

Figure 4 shows a flow chart of an embodiment of the 

method according to the present invention. 

25 Description of the Exemplary Embodiments 

Figure 1 shows a single-lane road where one lane is provided 
for each driving direction. Of course, the method according to 
the present invention and the device according to the present 
invention may also be used in driving situations on multilane 
30 roads with or without lanes for traffic in the opposite 

direction. The figure shows host vehicle 1, which is equipped 
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with an object detector 2. This object detector 2 may be a 
radar sensor, a laser sensor, a video sensor, an ultrasound 
sensor, or a combination thereof, for example, and may be 
installed in the front area of the vehicle or in the 
windshield area, for example. Object detector 2 is preferably 
oriented in such a way that sensor detection range 3 detects 
the area in front of vehicle 1 and recognizes objects 5, 6 
within this area. In front of host vehicle 1, which moves on 
the road with velocity V, a preceding vehicle 5 moves in the 
same direction with velocity VI in the present example. There 
is an additional vehicle 6, which moves in the opposite 
direction with velocity V2 . Object detector 2 now recognizes 
vehicles 5, 6 and may determine distance d of these vehicles 
to the host vehicle, their relative velocities Vrel with 
respect to host vehicle 1, and azimuth angle alpha, which, in 
combination with distance d, determines the position of 
vehicles 5, 6, relative to the longitudinal vehicle axis of 
host vehicle 1. Furthermore, the figure shows a coordinate 
system 4, which is advantageously a world coordinate system, 
i.e., a fixed coordinate system. A first X axis is provided in 
the direction of the longitudinal vehicle axis, and a second, 
Y axis which is oriented in the transverse direction of the 
vehicle . 

Figure 2 shows coordinate system 4, which corresponds to the 
world coordinate system of Figure 1. Figure 2 also shows the X 
axis, which is oriented in the longitudinal vehicle axis, and 
the Y axis, which is oriented in the transverse direction of 
the vehicle. Schematically illustrated host vehicle 1 is 
located at the origin of coordinate system 4; schematically 
illustrated preceding vehicle 5 is located in the range of 
positive X values on the X axis, as is vehicle 6 traveling in 
the opposite direction with an offset in the direction of 
negative Y values. A motion trajectory is calculated for a 
predefined future time period t for the maximum accelerations 
or maximum decelerations and the maximum changes in 



NY01 1010147 vl 



5 



acceleration or deceleration over time which are just still 
perceived as comfortable by an average driver. Combinations of 
deceleration, acceleration or steering intervention by the 
driver may also be considered here, so that all maximally 
5 reachable points which are shown in the coordinate system 

moving with vehicle 1 are determined within computation period 
t. Relative velocities Vrel of additional vehicles 5, 6 and 
their absolute velocities VI, V2 , which are computable if 
their relative velocities and velocity V of host vehicle 1 are 

10 known, are also taken into account. If these points are 

plotted in fixed coordinate system 4, areas 7, 8, 9 result 
around recognized vehicle location positions 1, 5, 6, which 
also have different distances in different directions. For 
example, the driver thus perceives a vehicle deceleration as 

15 still comfortable even if its magnitude is greater than the 
maximum longitudinal acceleration value which the driver 
perceives as just still comfortable. An average driver is 
considerably more sensitive to transverse vehicle 
accelerations, so that the distances of maximum trajectory 

2 0 areas 7, 8, 9 in the perpendicular direction to the direction 
of the vehicle 1 s travel are smaller than in the longitudinal 
direction of the vehicle, the maximum trajectory area in the 
direction opposite to that of the vehicle f s travel being 
greater than the maximum trajectory area in the direction of 

25 the vehicle's travel, because the driver perceives as 

comfortable longitudinal deceleration values whose magnitude 
is greater than that of longitudinal acceleration values, and 
the driver perceives as comfortable longitudinal acceleration 
and deceleration values that are greater than accelerations in 

30 the transverse direction of the vehicle, such as occur for 
example due to steering maneuvers. This results in maximum 
motion trajectory areas 7, 8, 9 as indicated in Figure 2. 
These maximum trajectory areas assume the shape of deformed 
ellipses, the major axes of the ellipses being oriented in the 

35 longitudinal direction of the vehicle, and the minor ellipsis 
axes in the transverse direction of the vehicle. The major 
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axes of the ellipses have considerably greater areas in the 
direction of deceleration than can be indicated as an ellipse, 
because the driver perceives as comfortable decelerations 
whose magnitude is greater than, for example, accelerations 
5 which represent the shorter major ellipsis axes in the 

direction of travel, and the minor ellipsis axes are smaller 
in magnitude than the major ellipsis axes, because an average 
driver responds to transverse vehicle accelerations in a very 
sensitive manner, finding them uncomfortable even if their 
10 magnitudes are small. 

Figure 3 shows an analyzer device 10 which has an input 
circuit 11 among other things. Input signals are supplied to 
analyzer device 10 via input circuit 11. Signals of an object 
detector 2, which may be designed, for example, as a radar 

15 sensor, a laser sensor, an ultrasound sensor, a video sensor, 
or a combination of these sensor types, are provided as input 
signals. This object detector 2 detects objects 5, 6, which 
move within detection area 3 and determines their distances d 
to host vehicle 1, relative velocities V re i of objects 5, 6 

2 0 relative to host vehicle 1, and azimuth angles alpha relative 
to the axis of symmetry of detection area 3, at which objects 
5, 6 are located at the time. It is also possible to determine 
additional quantities using object detector 2, for example, 
the type of object, for example, whether it is a moving 

25 vehicle or a stationary object on the roadside, or whether it 
is a passenger car, a truck, or a two-wheeled vehicle. These 
determined quantities are supplied by object detector 2 to 
input circuit 11 of analyzer device 10. A velocity sensor 12 
is also provided, which determines velocity V of host vehicle 

30 1 and supplies it to analyzer device 10. If velocity V of the 
host vehicle is known, it is possible to convert relative 
quantities Vrel determined by object detector 2 into absolute 
quantities VI, V2 . A dedicated velocity sensor may be 
provided, for example, as velocity sensor 12, but a velocity 

* 

35 sensor 12 provided for other vehicle functions such as an 



NY01 1010147 vl 



7 



antilock system of vehicle 1 or an electronic stability- 
program may also be used. Furthermore, analyzer device 10 
receives a signal of an acceleration sensor 13 via input 
circuit 11; this sensor advantageously detects longitudinal 
5 accelerations and transverse accelerations of host vehicle 1 
separately and supplies them to analyzer device 10. 
Acceleration sensor 13 may also be omitted as an alternative, 
and acceleration signal a may be calculated by differentiating 
velocity signal V of velocity sensor 12 over time. In addition 

10 to the above -described devices for providing input quantities, 
further devices 14 may also be provided, for example, an 
operating device, via which the driver of vehicle 1 may change 
the operating states of analyzer device 10 or whose settings 
the driver may match to his/her individual wishes. The input 

15 signals supplied to input circuit 11 are relayed by a data 
exchange system 15 to a computing device 16, which may be 
designed as a microprocessor or signal processor, for example. 
Computing device 16 determines manipulated variables, as a 
function of the input signals supplied to it, for output to 

20 downstream actuators 18, 19, 20 in which the input quantities 
are processed according to the method according to the present 
invention and used for determining output quantities. The 
output quantities determined by computing device 16 are 
supplied via a data exchange system 15 to an output circuit 

25 17, via which analyzer device 10 outputs manipulated variables 
to downstream actuators 18, 19, 20. An acoustic and/or visual 
warning device may be provided as an actuator, for example, 
which may be in the form of an indicator light or a plain text 
display installed, for example, in the area of the dashboard 

3 0 of the vehicle, and used to output a warning. Furthermore, the 
acoustic and/or visual warning device may output an acoustic 
warning signal, which may be a signal tone, or a text output 
which explicitly states the reason of the warning to the 
driver. It is furthermore possible as an alternative or in 

35 combination to provide reversible seat belt tensioners 19 as 

the warning device, which signal, by one-time or multiple pre- 
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tensioning operations on the safety belt of the driver or of 
all occupants of the vehicle, that the comfort limits 
regarding the vehicle acceleration or vehicle deceleration 
and/or the comfort limits regarding the change in acceleration 
5 rate or change in deceleration rate over time have been 

exceeded, and higher accelerations or decelerations and/or 
higher change in acceleration or deceleration values over time 
are needed to prevent a collision situation. Furthermore, as 
an alternative or in combination, it is also possible to 

10 communicate an appropriate warning signal to the driver via a 
brief deceleration of the vehicle by deceleration systems 20, 
to which an output signal of analyzer device 10 may be 
supplied. Providing a brief deceleration via the deceleration 
systems has furthermore the advantage that the coefficient of 

15 friction of the road may be determined via this brief vehicle 
braking operation, and the coefficient of friction of the road 
is known for a subsequent intense deceleration of the vehicle 
to prevent a collision, making it possible to control the 
deceleration accordingly. In addition, the driver is informed 

2 0 intuitively via a brief braking operation of the vehicle that 

a hazardous situation exists. 

Figure 4 shows an embodiment of the method according to the 
present invention which may run, for example, in the form of a 
control program in computing device 16. After the start of the 

25 method, at the point "Start, " the object data, determined, for 
example, by object detector 2 and supplied to analyzer device 
10, is input in method step 21. In the subsequent method step 
22, the motion data of host vehicle 1, which includes, for 
example, velocity V and acceleration a of the host vehicle, is 

30 input. It is furthermore possible to draw a conclusion, on the 
basis of stationary or moving objects recognized in detection 
area 3, about a special driving situation of vehicle 1, for 
example, whether it is traveling on a single- lane or multilane 
road, whether the road has curves ahead, or whether it is 

3 5 recognized as a straight, highway- like road, and possibly the 
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traffic density in the road stretch ahead. Motion trajectories 
for recognized vehicles 5, 6 and host vehicle 1 are calculated 
on the basis of the data supplied to analyzer device 10 in 
subsequent method step 23. When calculating the motion 
trajectories, the determined driving situation is taken into 
account, and the maximum reachability of the objects within 
time period t, observing the assumed comfort limits, is 
calculated via assumed maximum longitudinal and/or transverse 
accelerations of the vehicle and/or maximum changes in 
longitudinal and/or transverse acceleration values over time, 
where the accelerations may also be decelerations- In 
subsequent step 24 it is determined whether a collision is 
avoidable. In this case, the vehicle acceleration or 
deceleration and/or the change in acceleration or deceleration 
values over time must be increased, whereby motion trajectory 
areas 7, 8, 9 are enlarged via highly dynamic vehicle 
maneuvers, making it possible to avoid a collision. If it is 
determined in step 24 that a collision is avoidable, for 
example, due to the fact that there is a residual area in 
trajectory areas 7, 8, 9, which has no overlap, the sequence 
diagram branches off to "yes" and is continued with the step 
"end." If it is determined in step 24 that a collision is 
unavoidable if the comfort limits are observed, for example, 
due to the fact that there is no residual area without overlap 
taking into account the comfort limits, step 24 branches off 
to "no" and in subsequent method step 2 5 a warning is issued 
to the driver by one or more of warning devices 18, 19, 20. 
After issuing a warning to the driver in step 25, the sequence 
diagram is continued in step "end, " and branches off to 
"start" again, from where it is run through again. 
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